In view of a certain type of metro train, the test of the air pressure change on the line side of the train is carried out under the 130km/h speed level, the time history curves of the air pressure changes at different heights above the top of the rail are obtained. Through the analysis: with the increase of the height of the measuring points, the peak to peak value of the pressure fluctuation caused by the subway train passing decreased in turn, and the peak to peak value of the pressure fluctuation of the measuring point nearest from the track surface was the largest, and △P 95% reaches to 282.2Pa.
INTRODUCTION
A running high speed train is often surrounded by great air turbulence, especially in the passing moment of the train, the surrounding flow field will produce severe transient pressure changes, positive and negative pressure peaks appear successively in about a few tens of milliseconds. The transient pressure changes can often affect the surrounding buildings and the passenger comfort [1] . As for metro train, although its running speed is not as high speed trains, but the sealing requirement of metro train is lower, the transient fluctuation of the outside pressure can easily affect the indoor pressure, and then affect the comfort of passengers [2] . With the increase of the speed of metro trains, it is more and more necessary to study the transient fluctuation of the pressure around the metro train. Existing studies show that: when the train passes, the line side pressure time history curve is shown in Figure 1 . The pressure begins to increase before the train head reaches the pressure measuring point, and it reaches the maximum value when the nose of the train reaches the measuring point, and then declines rapidly. So generally speaking, the passage of the train head produces a positive and a negative pulse, described as the head wave. After the maximum negative pulse appears, the pressure change tends to be constant amplitude fluctuation, until the tail train passes the measuring point, which produces a negative and a positive pulse, described as the tail wave; the signal gradually disappears after a period of constant amplitude fluctuation [1] . In this paper, the method of field test was applied to measure the line side pressure change at different heights above the top of the rail when a certain type of metro train passes under its design speed which is 130 km/h.
EXPERIMENT METHOD

Arrangement of measuring points
The test was carried out according to the requirement of BS EN-14067. The distance between the line side measuring points and the central of the track is 2. Meanwhile, in order to test the magnitude and direction of the environmental wind, sensors measuring the magnitude and direction were arranged 5 meters from the pressure measuring points, 2 meters above the surface of the rail track, 4 meters from the central line of the track, and the reference direction of the wind direction sensors was the running direction of the train. 
Testing system
The dynamic pressure test system consisted of dynamic pressure sensors, a multichannel amplifier, an A/D converter, a computer, and the corresponding analysis software. The system was setup such that the computer was the center of the system, and the computer integrated multiple functions of virtual instruments under the sustentation of the software. The system could realize real-time measurements on the line to measure multi-point, time-varying parameters, (mainly the transient pressure signal) and could analyze and filter the signal quickly, thereby effectively eliminating noise and accidental error [4] . Transient pressure sensors used for measuring the pressure change was Honeywell differential pressure sensor. The sensor is small in size and thin in thickness, and the disturbance of the flow field around the measuring point is very small, so high precision test results can be obtained.
Testing requirements
Set the specific parameters of the measurement system as (Based on BS EN-14067 to perform):  sampling frequency: 300Hz (more than 5 * train speed / nose to body distance)  Filter cut-off frequency: 75Hz 6-order Butterworth low-pass filter Due to the need of later data processing, it is necessary to arrange special personnel to measure the local temperature, humidity, air pressure, wind speed, wind direction and other parameters in the vicinity of train operation.
When the cross wind speed exceeds 2m/s or the velocity deviation exceeds 1% of the maximum speed, the measured data is not available.
Measuring times shall not be less than 10 times. During the test, the train speed can be obtained directly from the speed mileage data of the train control system [3] .
Data processing method
In Figure 4 , ΔP indicates the peak-to-peak value with the biggest difference between the positive peak (indicated by P max ), and the negative peak (indicated by P min ). As the standard BS EN-14067 gives no requirement for the change of the line side pressure when the speed of the train is less than 160 km/h, here we decide to take the test evaluation index as the requirement given for the situation where the speed of the train is greater than 160 km/h and less than 250 km/h, that the peak to peak value of the line side pressure should be less than 800 Pa [3] . The results of several tests under the same speed were analyzed to determine the reliability and repeatability of a test system.
EXPERIMENT RESULTS AND ANALYSIS
Test environmental parameters
13 tests in all were carried out during the whole experiment, and the data of the magnitude of wind velocity of 3 of them were out of the range of the standard, so the test data were not used. The remaining 10 sets of test conditions and its environmental parameters were listed as Table 1 . From the test conditions listed from the table above, the actual running speed of the train meet the requirement that the biases of the actual speed should be less than 1% of the actual maximum running speed. Besides, the maximum wind speed is 2.00 m/s, so it can be considered that the wind speed of all the test conditions can meet the test requirements. The wind direction is basically consistent with the running direction of the train. Consequently, the 10 sets of data are all valid. Figure 5 shows the pressure-time history curve of each measuring points during the test of one passage of the metro train. From the time history curve, we can see that, the passage of both the head and the tail of the train can cause instantaneous pressure fluctuations. The peak to peak value of the passage of the head is greater, which will be used as the evaluation index of the test. Also from the curve, we can say that the test results are in accordance with the theory. Figure 6 shows the pressure-time history curve of the measuring points at different heights during one passage of the train, and only the processes of the passage of the head of the train are concerned, for the pressure fluctuations is greater during the process. 
Time history curve of the passage of the train
测 点 1 测 点 2 测 点 3 测 点 4 测 点 5 测 点 6
Pressure change at different heights
Figure 6. Transient pressure fluctuation caused by head of the train. Table 2 shows the peak to peak value of the pressure changes of the measuring points at different heights in this test. From the table above we can see, with the increase of the height of the measuring points, the peak to peak value of pressure fluctuation caused by the metro train passage decreases, and the value of the measuring point which is closest to the track surface is the maximum. Table 3 shows the test result of the 6 different measuring points in 10 tests. 1  222  238  255  269  275  281  2  217  231  243  260  263  271  3  201  216  233  243  243  249  4  186  208  222  230  231  234 5   187  204  224  233  240  242  6  201  214  229  241  247  247  7  200  210  237  241  249  250  8  205  224  239  252  256  259  9  211  221  237  249  254  257  10  212  225  241  250  259 
Pressure assessment
From Table 3 we can conclude that: when the train passes by at the speed of 130 km/h, the maximum peak to peak pressure value (△P 95% ) of the testing points is 282.2Pa, which is less than 800 Pa, occurs at the closest point from the ground. The test results shows that: when the metro train passes by at the speed of 130 km/h, the peak to peak value of the pressure changes of the line side meets the requirement of the standard.
CONCLUSION
Through the experiment, the instantaneous pressure change during the process of the passage of the metro train was obtained by means of field test. We can draw the following conclusions through analysis of data:
(1) The passage of both the head and the tail of the train can cause instantaneous pressure fluctuations, and the peak to peak value of the pressure changes caused by the head of the train is greater.
(2) Consider the height of the measuring points, the pressure peak to peak value decreases with the increase of the height of the measuring points. The maximum peak to peak value of the instantaneous pressure change occurs at the point which is closest from the ground.
(3) When the metro train running at the speed of 130 km/h, the maximum peak to peak pressure value (△P 95% ) of the air around the train is 282.2Pa, which is less than the limit value of 800 Pa from the standard EN 14067-4: 2013 and meets the requirement of safe operation.
